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INTRODUCTION

Obesity is gaining increasing attention in surgical oncology. This is partially due to the recent epidemiological data suggesting that excess body weight is associated with an increased risk of various gastrointestinal malignancies, including gastric cancer, and particularly oesophagogastric adenocarcinomas. [START_REF] Renehan | Body-mass index and incidence of cancer: a systematic review and meta-analysis of prospective observational studies[END_REF][START_REF] Yang | Overweight, obesity and gastric cancer risk: Results from a meta-analysis of cohort studies[END_REF] Moreover, from the surgical point of view, overweight patients are also exposed to a greater risk of interventions due to obesity-related comorbidities and increased incidence of postoperative complications. Another important aspect is related to some previous studies suggesting that overweight may influence the oncological outcomes of patients with gastrointestinal cancers. [START_REF] You | Effect of body mass index on the outcome of patients with rectal cancer receiving curative anterior resection: disparity between the upper and lower rectum[END_REF][START_REF] Moon | Visceral obesity may affect oncologic outcome in patients with colorectal cancer[END_REF] Several authors have already reported that overweight increases the incidence of general and intra-abdominal complications in Asian patients undergoing gastrectomy for gastric cancer. 5- 12 Some recent studies also suggested that obesity may correlate with long-term prognosis. [START_REF] Dhar | Body mass index determines the success of lymph node dissection and predicts the outcome of gastric carcinoma patients[END_REF][START_REF] Moriwaki | Does body mass index (BMI) influence morbidity and long-term survival in gastric cancer patients after gastrectomy?[END_REF][START_REF] Tokunaga | Better 5-year survival rate following curative gastrectomy in overweight patients[END_REF] However, as the prevalence of obesity is one of the principal differences between Western and Japanese or Korean patients with gastric cancer, influencing surgical technique and staging, simple approximation of observations reported from Asian populations is biased. [START_REF] Bunt | Lymph node retrieval in a randomized trial on western-type versus Japanese-type surgery in gastric cancer[END_REF][START_REF] Davis | The difference in gastric cancer between Japan, USA and Europe: what are the facts? what are the suggestions?[END_REF] This is particularly important for lymphadenectomy, as excess abdominal fat may markedly impair lymph node dissection and can play an important role in explaining the differences in surgical outcomes between Western and Asian patients. Surprisingly, data for the association between overweight and long-term outcomes outside of Japan and Korea is scarce. Moreover, the paucity of studies concerning Western populations and potential flaws in reports from single institutions or including only a limited number of patients preclude a reliable evaluation of existing data. [START_REF] Barry | Western body mass indices need not compromise outcomes after modified D2 gastrectomy for carcinoma[END_REF] The aim of this study was to examine the relationship between overweight and long-term survival of patients undergoing gastrectomy for gastric cancer and to evaluate the potential mechanisms underlying these effects in terms of postoperative complications and adequacy of surgical therapy.
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METHODS

Patient selection

An electronic database of all patients with resectable gastric cancer treated between 1986 and 1998 at seven university surgical centres participating in the Polish Gastric Cancer Study Group (PGCSG) was reviewed. All relevant data, including demographics, clinical findings, details of surgical procedures and histopathological parameters, were collected prospectively using standard forms. Overweight was defined according to the World Health Organization classification as a body mass index (BMI) of 25 kg/m 2 or higher. [START_REF] Seidell | Assessing obesity: classification and epidemiology[END_REF] This study was approved by the Bioethics Committees at each institution.

Treatment and follow-up

The type of stomach resection was selected based on tumour location and was not influenced by patients' BMI. In general, a subtotal gastrectomy with Billroth II reconstruction was used for tumours of the distal and some middle stomach. Proximal gastric cancer without gross involvement of surrounding tissues was treated with a proximal subtotal gastrectomy and oesophagogastric anastomosis. Total gastrectomy with Roux-en-Y reconstruction was typically used in other cases. Primary tumours were resected en bloc with perigastric lymph nodes (groups 1-6 according to the Japanese Gastric Cancer Association (JGCA)), whereas extragastric nodal stations (groups 7-11 and/or 7-12, depending on the site of the primary tumour) were dissected separately. The extent of lymphadenectomy was described by the operating surgeon and finally evaluated by the pathologist by counting resected lymph nodes in individual stations as defined by the JGCA. Lymph nodes were identified and retrieved from surgical specimens without using any specific technique to increase nodal retrieval rate.

Paraffin-embedded nodes were stained with haematoxylin and eosin, and examined microscopically for metastases. No special immunohistochemical techniques were used to
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identify micrometastases. Follow-up data were collected based on clinical examination every 3-6 months after discharge and dates of death were verified using data obtained from the census registry office. Survival rates were calculated based on the disease-specific principle, i.e. deaths due to gastric cancer were accepted as complete observations, while death due to other reasons and lost to follow-up was considered as a censored observation.

Statistical methods

Mann-Whitney U and χ 2 tests were used where appropriate to compare the distribution of individual variables between groups. Survival data was analysed according to the Kaplan-Meier method and included postoperative mortality; the log rank test was used to detect differences between groups. Multivariable analysis was performed using a Cox proportional hazards model with a backward stepwise selection procedure. The probability for entering the model was 0.050 and that for removal from the model was 0.100. P < 0.050 was considered statistically significant. Statistical analysis was performed using the SPSS ® version 16 software package (SPSS, Chicago, Illinois, USA).
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RESULTS

Demographic data

Between 1986 and 1998, 1992 records with detailed information regarding patient-related and tumour-related variables, including body height and body weight, were identified in the PGCSG database. The median BMI was 22.7 (range 15 to 39) and 492 patients had BMI of 25 kg/m 2 or more. Table 1 shows clinico-pathological features of the analysed population.

Compared to patients with BMI <25 kg/m 2 , overweight was associated with a slightly higher incidence of cardiocirculatory disorders and a significantly higher rate of diabetes mellitus.

Surgery

No significant differences were observed with respect to the type of gastrectomy, extent of lymphadenectomy, and the proportion of patients undergoing pancreaticosplenectomy.

There was a negative linear correlation between BMI and the number of dissected lymph nodes with a correlation coefficient r = -0.072 (P=0.002). Overweight patients had a higher proportion of cases with 15 or less nodes in the surgical specimen (45% vs 37%, P=0.002) and the correlation between this proportion and BMI was highly significant (r=0.759, P<0.001). The overall mean number of removed lymph nodes in our series was lower than currently accepted as a standard, but most patients analysed in this study were operated on before 1995, when a policy of routine extent of lymphadenectomy of at least D2 was implemented. Moreover, a limited lymph node dissection was generally performed in all patients with synchronous distant metastases. The following variables were tested by logistic regression analysis to identify those associated with an inadequate number (i.e. D1 lymphadenectomy (Odds Ratio (OR) 4.16, 95%CI 3.12 to 5.54, P<0.001), absence of lymph node metastases (OR 2.13, 95%CI 1.64 to 2.75, P<0.001), tumours limited to the gastric mucosa and submucosa (OR 1.57, 95%CI 1.05 to 2.35, P=0.027), and BMI (OR 1.03, 95%CI 1.01 to 1.07, P=0.033) were independent predictors of low lymph node count in surgical specimens.

Pathology

The anatomical distribution of tumours within the stomach and the proportion of individual Lauren's types were similar between groups. Overweight patients had a significantly lower proportion of category T3 and T4 tumours (64% vs 71%, P=0.005) and the prevalence of synchronous distant metastases. Moreover, patients with a BMI below 25 kg/m 2 were significantly more likely to undergo non-curative resection.

Overweight was associated with a lower proportion of patients with metastatic lymph nodes (59% vs 70%, P<0.001) and a lower median ratio of metastatic/resected lymph nodes (0.17 vs 0.30, P=0.003). For both of these parameters there was a significant negative linear correlation with BMI and corresponding Pearson's coefficients of regression were -0.730 (P=0.003) and -0.075 (P=0.007), respectively. However, if 16 or more lymph nodes were dissected, the proportion of patients with individual N categories was unaffected by BMI and there was no correlation between BMI and the prevalence of metastatic lymph nodes or the ratio of metastatic/resected lymph nodes.

Postoperative course

Postoperative recovery was uneventful in 1277 patients and morbidity rates for overall complications were similar regardless of BMI (Tab. 2). Overweight was associated with
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significantly higher rates of cardiopulmonary complications (16% vs 12%, P=0.010) and intra-abdominal abscess (6.9% vs 2.9%, P<0.001). Other complications and mortality rates were not influenced by BMI. The median postoperative stay was longer in overweight subjects (17 vs 14 days, P<0.001).

Long-term survival

At the time of final follow-up (December 2006), 1295 of 1992 patients had died, and the median follow-up period for surviving subjects was 104 months. The median disease-specific survival of overweight patients was significantly higher (36.7 months, 95%CI 29.0 to 44.4) than those with BMI<25 kg/m 2 (25.7 months, 95%CI 23.2 to 28.1; P=0.003) (Fig. 1). To explain these differences, survival rates between overweight and non-overweight patients were compared after stratification based on tumour staging. Since Kaplan-Meier's curves for groups with BMI <25 kg/m 2 and ≥25 kg/m 2 superimposed on stages I-II and III-IV (Fig. 2A-B), survival benefits of overweight were related to the differences in tumour staging.

A Cox proportional hazards model was constructed including variables that significantly affected disease-specific survival in the univariate analysis, i.e. age (<40, 40-65, >65 years), BMI (<25 kg/m 2 , ≥25 kg/m 2 ), tumour location (upper, middle or distal third, whole stomach), Laurén's classification (intestinal, diffuse, mixed), depth of infiltration (T1-T4), nodal status (N0-Nx), metastatic/resected lymph node ratio (0, 0-20%, >20%), distant metastases (no, yes), potentially curative resection (no, yes), splenectomy (no, yes), and postoperative chemotherapy (no, yes). The only independent prognostic factors were age, depth of infiltration, lymph node metastases, metastatic/resected lymph node ratio, distant metastases, and residual tumour category (Tab. 3). The hazard ratio in overweight patients compared to those with BMI <25 kg/m 2 was 0.89 (95% CI 0.77 to 1.04, P=0.139). Considering the differences observed among tumour stages, two additional Cox models were constructed for
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stages IA through II and separately IIIA through IV. Nevertheless, overweight was not a significant predictor of survival with hazard ratios of 0.940 (95%CI 0.703 to 1.257, P=0.667) and 0.916 (95%CI 0.777 to 1.079, P=0.292), respectively. Similar results were obtained if the model was stratified for curative and non-curative resections.
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DISCUSSION

The influence of overweight on survival

One of the major clinical differences between patients with gastric cancer in the West and those in Japan or Korea is a much higher prevalence of overweight and obesity that may have important practical consequences. The most important aspect is related to findings from Japanese populations suggesting that obesity may correlate with long-term prognosis of gastric carcinoma. Tokunaga et al. [START_REF] Tokunaga | Better 5-year survival rate following curative gastrectomy in overweight patients[END_REF] presented the largest analysis to date evaluating the correlation of BMI and long-term survival in 7925 patients treated with curative intent in a Japanese centre. Unexpectedly, the 5-year survival rate of 84.0% in overweight patients (BMI ≥25 kg/m 2 ; n = 1126) was significantly higher (P<0.001) than 76.7% in the non-obese group (BMI <25 kg/m 2 ; n = 6799). Moreover, multivariate analysis of potential prognostic factors demonstrated that higher BMI significantly reduced the risk of death (hazard ratio 0.874, 95%CI 0.773-0.988, P=0.032). Despite these results, prognostic implications of overweight are not well established for gastric cancer as smaller Japanese studies demonstrated that high BMI was an independent predictor of recurrence [START_REF] Dhar | Body mass index determines the success of lymph node dissection and predicts the outcome of gastric carcinoma patients[END_REF] or questioned its influence on the long-term outcomes. [START_REF] Ojima | Influence of overweight on patients with gastric cancer after undergoing curative gastrectomy: an analysis of 689 consecutive cases managed by a single center[END_REF][START_REF] Inagawa | Effect of fat volume on postoperative complications and survival rate after D2 dissection for gastric cancer[END_REF][START_REF] Oh | Effect of being overweight on postoperative morbidity and long-term surgical outcomes in proximal gastric carcinoma[END_REF][START_REF] Kodera | Obesity and outcome of distal gastrectomy with D2 lymphadenectomy for carcinoma[END_REF] Similarly, the definitive implications of overweight in Western patients with gastric cancer have yet to be determined due to the paucity of data for the association between BMI and prognosis. [START_REF] Trivers | Demographic and lifestyle predictors of survival in patients with esophageal or gastric cancers[END_REF] Using a well defined multi-institutional data set from a Western country, the present study demonstrated that overweight was associated with a significant survival benefit by univariate analysis. However, unlike Tokunaga et al., [START_REF] Tokunaga | Better 5-year survival rate following curative gastrectomy in overweight patients[END_REF] 

Correlation of BMI with postoperative complications

Most previous retrospective studies from Asian populations suggest that BMI influences the occurrence of surgical complications in gastric cancer surgery indirectly by increasing operation time [START_REF] Ojima | Influence of overweight on patients with gastric cancer after undergoing curative gastrectomy: an analysis of 689 consecutive cases managed by a single center[END_REF][START_REF] Dhar | Body mass index determines the success of lymph node dissection and predicts the outcome of gastric carcinoma patients[END_REF][START_REF] Inagawa | Effect of fat volume on postoperative complications and survival rate after D2 dissection for gastric cancer[END_REF][START_REF] Oh | Effect of being overweight on postoperative morbidity and long-term surgical outcomes in proximal gastric carcinoma[END_REF] and blood loss [START_REF] Ojima | Influence of overweight on patients with gastric cancer after undergoing curative gastrectomy: an analysis of 689 consecutive cases managed by a single center[END_REF][START_REF] Dhar | Body mass index determines the success of lymph node dissection and predicts the outcome of gastric carcinoma patients[END_REF][START_REF] Inagawa | Effect of fat volume on postoperative complications and survival rate after D2 dissection for gastric cancer[END_REF][START_REF] Hiki | Increased fat content and body shape have little effect on the accuracy of lymph node retrieval and blood loss in laparoscopic distal gastrectomy for gastric cancer[END_REF] , but also directly increasing rates of pancreatic fistula [START_REF] Kunisaki | Predictive factors for pancreatic fistula after pancreaticosplenectomy for advanced gastric cancer in the upper third of the stomach[END_REF][START_REF] Tanaka | Accumulation of excess visceral fat is a risk factor for pancreatic fistula formation after total gastrectomy[END_REF][START_REF] Ojima | Influence of overweight on patients with gastric cancer after undergoing curative gastrectomy: an analysis of 689 consecutive cases managed by a single center[END_REF] and abdominal abscess. [START_REF] Ojima | Influence of overweight on patients with gastric cancer after undergoing curative gastrectomy: an analysis of 689 consecutive cases managed by a single center[END_REF][START_REF] Katai | Risk factors for pancreas-related abscess after total gastrectomy[END_REF] Moreover, these observations are supported by the results of randomized clinical trials confirming the detrimental effects of overweight. [START_REF] Tsujinaka | Influence of overweight on surgical complications for gastric cancer: results from a randomized control trial comparing D2 and extended para-aortic D3 lymphadenectomy (JCOG9501)[END_REF][START_REF] Kodera | Identification of risk factors for the development of complications following extended and superextended lymphadenectomies for gastric cancer[END_REF] Although some reports from Western populations revealed that BMI was not a significant predictor of postoperative morbidity 18,[START_REF] Gretschel | Body mass index does not affect systematic D2 lymph node dissection and postoperative morbidity in gastric cancer patients[END_REF] , the present findings strongly suggest that overweight may significantly contribute to the early postoperative outcomes. However, as in other reports, high BMI did not increase mortality rates, and thus cannot be responsible for the marked differences in long-term survival rates.

Implications of overweight for lymph node dissection

Inadequate lymph node dissection during gastrectomy could be another factor potentially worsening a patients' prognosis, as excess fat may limit accessibility to lymph nodes located deep in the adipose tissue around major abdominal vessels not included in the routine en block resection. Such assumptions are based on several observations concerning the different extent of lymphadenectomy. [START_REF] Tsujinaka | Influence of overweight on surgical complications for gastric cancer: results from a randomized control trial comparing D2 and extended para-aortic D3 lymphadenectomy (JCOG9501)[END_REF][START_REF] Dhar | Body mass index determines the success of lymph node dissection and predicts the outcome of gastric carcinoma patients[END_REF][START_REF] Kodera | Obesity and outcome of distal gastrectomy with D2 lymphadenectomy for carcinoma[END_REF][START_REF] Hiki | Increased fat content and body shape have little effect on the accuracy of lymph node retrieval and blood loss in laparoscopic distal gastrectomy for gastric cancer[END_REF] However, previous reports from Western population-based databases and randomized clinical trials provided no data on the influence of BMI on the likelihood of undergoing adequate lymph node assessment. [START_REF] Bunt | Lymph node retrieval in a randomized trial on western-type versus Japanese-type surgery in gastric cancer[END_REF][START_REF] Coburn | Significant regional variation in adequacy of lymph node assessment and survival in gastric cancer[END_REF][START_REF] Baxter | Inadequacy of lymph node staging in gastric cancer patients: a population-based study[END_REF][28][29] In the present study, BMI significantly affected the proportion of patients with 15 or less lymph nodes removed and after stratifying patients for the extent of lymphadenectomy, this effect was preserved for both 

Impact of BMI on tumour staging

Staging differences related to BMI may be another potential factor responsible for discrepancies in long-term survival between overweight and non-overweight patients. Present findings suggest that high BMI is associated with markedly reduced proportions of tumours infiltrating gastric serosa, surrounding organs, metastatic lymph nodes, and distant metastases.

As these variables are most commonly reported as independent prognostic factors for gastric cancer, the most likely explanation of better long-term survival found in the univariate analysis for overweight in our population is the correlation between BMI and tumour staging. This hypothesis is confirmed by the Kaplan-Meier's plots and Cox's proportional hazards models stratified for the American Joint Committee on Cancer (AJCC) stage (Fig. 2A-B). Data collected in a Japanese cohort of 7925 patients suggested a similar conclusion that the prevalence of T3-4 and N2-3 cancers decreases significantly in patients with BMI ≥25 kg/m 2 . [START_REF] Tokunaga | Better 5-year survival rate following curative gastrectomy in overweight patients[END_REF] Nevertheless, these correlations should be further validated with population-based databases since some studies involving smaller Asian populations failed to confirm any association between BMI and staging. [START_REF] Ojima | Influence of overweight on patients with gastric cancer after undergoing curative gastrectomy: an analysis of 689 consecutive cases managed by a single center[END_REF][START_REF] Inagawa | Effect of fat volume on postoperative complications and survival rate after D2 dissection for gastric cancer[END_REF][START_REF] Oh | Effect of being overweight on postoperative morbidity and long-term surgical outcomes in proximal gastric carcinoma[END_REF] Moreover, the mechanism of such less aggressive behaviour of gastric cancer in overweight individuals is yet to be determined, as some previous studies in hormone-dependent cancers (breast and prostate) and colorectal cancer reported a positive correlation between BMI and cancer stages, unlike the results of this study. 30 

Conclusion

The present study provided for the first time data for the association between BMI and prognosis of gastric cancer from a large-scale Western-type population. Although higher BMI increased rates of some postoperative complications and impaired adequacy of lymph node dissection, better survival rates observed in overweight patients were related to the higher proportion of less advanced tumours. Therefore, overweight was not an independent prognostic factor for long-term survival. 

  15 or less) of dissected lymph nodes: patient age (< 40, 40-65, > 65 years), sex, BMI (continuous variable), tumour location (upper, middle, distal third, whole stomach), Lauren's type, depth of wall penetration (T category), nodal status (positive or negative), distant metastases (present, M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 8 absent), type of surgical resection, pancreaticosplenectomy, and extent of lymphadenectomy.

  BMI ≥25 kg/m 2 was not an independent prognostic factor, suggesting that other covariates are responsible for such findings. The three most relevant aspects of overweight that may influence patients' survival are the relationship M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 12 between BMI and postoperative morality, tumour staging, and adequacy of surgical therapy, discussed below.
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 13 and D2 dissection. As several reports emphasised the importance of the stage migration phenomenon and poorer prognosis related to inadequate lymph node dissection, including our series (hazard ratio for Nx 1.85, 95%CI 1.48 to 2.32, P<0.001), this observation has important clinical implications for surgeons operating obese individuals.
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Fig. 1 .

 1 Fig. 1. Disease-specific survival for overweight (BMI ≥25kg/m 2 ) and non-overweight (BMI <25kg/m 2 ) patients (p = 0.003, log-rank test).

Fig. 2 .

 2 Fig. 2. Disease-specific survival for overweight (BMI ≥25kg/m 2 ) and non-overweight (BMI <25kg/m 2 ) patients according to tumour stage. A. Stage I and II (p = 0.960, log-rank test); B.

Table 2 .

 2 Postoperative complications according to BMI

	005 †

Table 3 .

 3 Multivariate analysis of independent prognostic factors for survival (Cox

	proportional hazards model)		
	Parameter	Category Hazard Ratio (95%CI)	P
	Age (years)	< 40	1
		40-65	1.35 (1.04-1.76)	0.024
		> 65	1.69 (1.26-2.27)	< 0.001
	BMI	<25 kg/m 2	1
		≥25 kg/m 2	0.89 (0.77-1.04)	0.139
	Tumour location	Distal	1
		Middle	0.99 (0.87-1.21)	0.881
		Upper	1.13 (0.66-1.81)	0.894
		Whole	1.16 (0.62-2.15)	0.647
	Laurén's classification	Intestinal	1
		Diffuse	1.01 (0.87-1.16)	0.932
		Mixed	1.02 (0.84-1.25)	0.809
	Splenectomy	No	1
		Yes	1.09 (0.95-1.26)	0.232
	Depth of infiltration	T1	1
		T2	1.94 (1.35-2.78)	< 0.001
		T3	2.71 (1.92-3.83)	< 0.001
		T4	3.33 (2.28-4.88)	< 0.001
	Lymph node metastases	N0	1
		N1	1.32 (0.96-1.81)	0.085
		N2	2.59 (2.10-3.18)	< 0.001
		N3	3.54 (2.75-4.56)	< 0.001
		Nx	1.85 (1.48-2.32)	< 0.001
	Metastatic/resected lymph node ratio	0	1
		0-20%	1.45 (1.07-1.97)	0.018
		>20%	2.11 (1.67-2.65)	<0.001
	Distant metastases	No	1
		Yes	1.37 (1.13-1.66)	0.002
	Residual tumour category	R0	
		R1 or R2	
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